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Planetology is a multidisciplinary field involving geologists, 1 thank Professor Abbott for giving free access to his outstanding 

chemists, astronomers, meteorologists, physicists, engineers, and others. collection of photographs on Hawaiian geology, many of which are 
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The conference could draw on the expertise of volcanolo- 
gists of the University of Hawaii and from the Hawaiian 
Volcano Observatory of the U.S. Geological Survey. 

There is an excellent possibility of observing active volcanic 
eruptions. 
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bomb. A pyroclast that was ejected while viscous and received its 
rounded shape while in flight. It is larger than lapilli in size, and 
may be vesicular to hollow inside. Actual shape or form varies 
greatly, and is used in descriptive classification of bombs, e.g., 
rotational bomb; spindle bomb (Gary et al . , 1972). 


caldera. A large, basin-shaped volcanic depression, more or less circular columnar jointing. Parallel, prismatic columns, either hexagonal or 

or cirquelike in form, the diameter of which is many times greater pentagonal in cross section, in basaltic flows and sometimes in 

than that of the included vent or vents, no matter what the other extrusive and intrusive rocks. It is formed as the result of 

steepness of the walls or form of the floor (Gary etal . , 1972). contraction during cooling. Syn: columnar structure , prismatic 

Can result from collapse, explosion, erosion, or a combination of jointing; prismatic structure (Gary et al. y 1972). 
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the channel. Photograph by Ronald Greeley, University of Santa Clara, June, 
1974 . 


lava cone. Miniature shield volcanoes composed larg 
with very little pyroclastic material, such as ^ 
Ka‘u Desert, Hawaii (Wentworth and Macdonald 





lava fan. Subaerial deposit of lava resembling an alluvial fan; may form 
when lava flows spill over steep cliffs then spread laterally at the 
base of the cliff. 
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mold preserves the surficial features of the tree. See also: lava tree 
lava tree. A lava tree mold that projects above the surface. Syn: lava (Gary etal., 1972). 

tree cast (Gary et al . , 1972). 
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inside a volcanic crater or on the flank ot a large volcano, and is 
usually much fissured and brecciated. Cf: lava dome. Syn: 
tholoid; dome volcano; cumulo-dome; cumulo-volcano (Gary 
etal 1972). 
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Cynthia R. Greeley 
Sunnyvale, Californi; 


A CONCISE HISTORY OF HAWAII 
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Elephant Mountain Flow (Schmincke 1967) Lower Yakima Flows {Diery McKee. 1969 ) 
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graphs) would be required to differentiate types of units within one of 
the three groups since their recognition depends primarily on fine-scale 
surface textures. At high altitudes (or small-scale photographs), only 
units of great areal extent could be recognized, such as flood lava flows, 
ignimbrites, and ash-fall units. 


Crandell, D. R., 1971. Postglacial lahars from Mount Rainier Volcano, 
Washington: U.S. Geol. Survey Prof. Paper 677. 

Curtis, G. H., 1968. The stratigraphy of the ejecta from the 1912 
Eruption of Mount Katmai and Novarupta, Alaska, p. 1 53-210, in 
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Fig. 5-2. Changes caused by 1971 eruptive activity along the upper southwest rift 
of Kilauea near the southwest margin of the caldera. 
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Fig. 54A. Collapsing walls of the Mauna Ulu vent have produced a crater about 
30 m wide (left-to-right) and 70 m long. A remnant of an earlier spatter 
cone is on the far edge; a partly collapsed lava tube is in left foreground. 
View is northeastward. {Photo: R. Greeley, NASA, August 1970.) 
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Mauna Ulu. As collapse of walls continued, the crater and trench merged. 
Large cracks have formed behind the blocks slumping into the trench, 
t Photo : W. A. Du /field, U.S.G.S., September 14, 1972.) 
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Fig. 5-6. Vertical views of changes at Mauna Ulu. 
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Fig. 5-6C. Mauna Ulu after the overflow episode. Radiating channels are empty 
of lava, and the surface of the pond between Mauna Ulu and Fuu Huluhulu 
has subsided. The crater is about 40 m in diameter. C Photo : R. M. Towill 
Corporation, June 3, 1974.) 



Fig. 5-8. Sequence showing changes at Pauahi Crater resulting from eruptive 
activity in 1972. {Photo: W. W. Dunmire, National Park Service, July, 1961.) 
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Fig. 5-8B. View eastward across Pauahi after the eruption of May 5, 1973. A lava 
lake filled the deep west pit of Pauahi nearly to the level of the top of the 
septum, then subsided to leave a lava-subsidence terrace. {Photo: 
R. T. Holcomb, U.S.G.S.,May 1973.) 



Fig. 5-9. Ponded lava flow in Kilauea Caldera August 14,1971. 
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Fig. 5-10. Historic and recent perched lava ponds (ponds confined by self- Fig. 5-11. Development of levees and perched lava ponds, 

constructed levees so that the surface of lava is higher than surrounding 
terrain). 
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Fig. 5-10B. Lava pond perched at the summit of the shield built over site of Alae 
Qater. View northwestward toward Mauna Ulu; Puu Huluhulu at upper 
right. C Photo : R. I. Tilling, U.S.G.S., September 8, 1972.) 



Fig. 5-1 2. Growth of lava shield at site of pit crater. 
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Fig. 5-15. Sequence of filling and draining of the summit crater of Mauna Ulu in 
1973; all views are eastward from the western end of the crater. 
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Fig. 5-1 5 A. Summit crater of Mauna Ulu one day after the lava lake completely 
drained. Figure 4D shows a general view. Crater is approximately 100 m 
wide and 200 m deep. {Photo: R. I. Tilling, U.S.G.S., May 6, 1973.) 
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Fig. 5-1 5G. Draining of the lava caused a collapse of the perched pond and 
surrounding crust. {Photo: R. I. Tilling , U.S.G.S., July 25, 1973.) 
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Fig. 5-18. Transition of pahoehoe to aa with increasing distance from eruptive 
vent (see Swanson, 1973). 





Fig. 5-1 8A. Near the eruptive vent at Alae (upper left) most lava is pahoehoe, not ^ 

having yet undergone the transition to aa. (Photo: R. M. Towill Corpora- Fig, 5-1 8C. Lava about 6 km south of vent at Alae. Most of the lava is aa. (Photo, 

tion, October 19, 1972.) R M. Towill Corporation, October 19, 1972.) 










Fig. 5-21. Development of lava tubes (see Greeley, 1971, 1972; Cruikshank and 
Wood, 1972; Peterson and Swanson, 1974). 
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Fig. 5-23. View northward up a row of skylights along a lava tube south of Alae. 
The main vent of Alae is in the upper center. Overflows from the skylights 
have fed fresh dark flows extending across the foreground. Nearest skylight 
is about 10 by 30 m. {Photo: R. T. Holcomb, U.S.G.S., December 9, 
1973.) 


5-24. Views through skylights into active lava tubes. 




Fig. 5-25. A talus cone of aa clinkers. 
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Fig, 5-25A. A night-time aerial view showing a single stream of lava cascading 
over the western edge of Makaopuhi Crater, falling 150 m down the wall, 
and accumulating as a cone of aa clinkers at the base of the cliff. {Photo. 
D. W. Peterson , U.S.G.S., March 19, 1972.) 



Fig. 5-26. Subsequent development of talus-and-lava cones at Makaopuhi. 
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Fig. 5-26C. The lava carapaces on the crater walls are unstable, and when flow 
declined the carapaces collapsed. The cone surfaces are here littered tyith a 
veneer of talus from the collapsed carapaces. Men working on the crater 
floor indicate scale. {Photo: R. T. Holcomb, U.S.G.S., October 29, 1972.) 
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eruption of 1965, which also deposited some 83 m of lava in the western pit (Wright and others, 1968). The 1965 lava lake 
was covered by aa that flowed over the west rim of the crater in 1969 and 1971, but above this aa, the high lava mark left in 
1965 can still be seen. {Photo: D. W. Peterson, U.S.G.S., March 21, 1 972.) 


Fig. 5-29. Deformation at the western margin of the rising crater floor 
Makaopuhi Crater. 
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Crater. In this view the nearly flooded mezzanine cliff is only about 2 m 
high and decreases as the crater floor rises like a piston. The rise is accom- 
panied by tilting of marginal blocks of the crust and oozing of viscous lava 
into the tensional cracks* around the margin. {Photo: R. T. Holcomb, 
U.S.G.S., January 12, 1973.) 


. 5 - 31 . Ultimate engulfment of the mezzanine 
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Fig. 5-34. Chilling of a pahoehoe toe by the surf. {Photos: D. A. Swanson, 
U.S.G.S., April 19, 1971.) 
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Fig. 5-34C. The wave quenched the toe, forming a solid skin and stopping the 
toe’s advance. Water boils from the surface of the toe. Lava will soon break 
through the skin, and a new toe will flow until stopped by another wave. 
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Fig. 5-37. Erosion of the front of the lava delta. 
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Fig. 5-37 B. Kealakomo lava delta almost a year after cessation of activity. Ero- 
sion of the lava front has continued, the front of the delta has been further 
straightened, and boulders and cobbles broken from the lava are being 
rapidly rounded. {Photo: D. W. Peterson, U.S.G.S., February 23, 1972.) 





Coastline changes caused by lava ei 
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showing the progress of erosion just a few weeks after lava inflow ceased 
on this segment of the lava delta. Small lobes on the front of the delta, 
such as are seen in figure 5-37A, have been destroyed, and the straightened 
coastline shows only broad points extending seaward. The wave-cut sea cliff 
is from 2 to 5 m in heieht. (Photo: D. W. Peterson, U.S.G.S., June 25, 








Cruikshank, D. P., and Wood, C. A., 1972. Lunar rilles and Hawaiian 
volcanic features: possible analogues: Moon, v. 3, p. 412447. 
Greeley, R., 1971. Observations of actively forming lava tubes and 
associated structures, Hawaii: Mod. Geology, v. 2, p. 207-223. 
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Reprinted with permission of publishers from: Volcanoes in the Sea, 
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Figure 176. Topographic map of the island of Hawaii. (Modified after Stearns and Macdonald, 1946.) 
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Kulani shield came to an end probably not in 1868 the two volcanoes erupted nearly most of its extent the once-glassy ash has been 

more than a few tens of thousands of years simultaneously, but in most instances eruption largely altered by weathering to a mixture of 

ago. The more westerly shield has continued 0 f one has caused no apparent reaction at the clay minerals and hydrated oxides of aluminum 

active and has built the present summit of other. More than a century ago the great and iron. (The reddish brown to yellow, altere 

Mauna Loa. Its lavas have now nearly buried American geologist, James Dwight Dana, material somewhat resembles that of the tuft 
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Figure 178. Geologic map of the island of Hawaii. (From Macdonald, 19496.) 
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Figure 1 86. Sketch of Pololu Valley, Kohala Mountain, 
showing the flow of mugearitc that poured into the head of the 
valley. (From Stearns and Macdonald, 1946.) 



Os 

Os 


: ^ in *0 

1 h Pi 3 

; > E * 

I x ^ .5 

I «-* JC Pi 

1 ■? **i 

| i S c 

^cj <-> 3 

> 'E >» u 

. w ^ _Q 

; 2 J 2 

5 nl bp w 

; >» *3 £ 

} ^ CJ CJ 

> £ -s 5/5 

■> r* w oj 

J ni - « 
3 .wo 

J 5ai3 

* 2 c 

! 2 *8 

: T3 u £ 

2 o ° ° 

! 2 Ec 

^ I I 

it 3 js ’55 


.S£-S 

~ « g 

£ 3 5) 
o bA 

■- (U "O 

-g »- c 

£ <U * 

.S o pi 

E pi 


n °- 

o. S & 

^ O 

rt C^- 

*-» -3T O . 

C °- 

<U 1/5 (U 

E w £ 

. w O 
JC 

2 *- 

4m QJ 

u- C 
>. «* rt 

•° <2 -5 . 

c c 

•= «*o 1 

J2 P Q-> 

6 & g- 

? rt 2 

a u pC 

O \n 


£ <u _2 
o w -5 

J5 _ 

^ j- C 

>, 3 IE 

S .2 

•S c 5 

cj ^ 

£ -O *3 
> ° 

^2 5- 

2 a. 2 
.3 3 cj 

2 fc c 

o cj 
p e cj 
t <u -O 

Cj 

2 jc w 

2 W) 2 
-2 c .3 
bo - w ^ 

b 2 3 ^ 
E -c p cj 

X5 <+* ^ ^ 
to O V 2 

Oj Cj O 

■c £ c © 

^ & 2 u-> 

5/5 -S ^ - 

* cj t p 

* J § g J 


^ C T3 
C rt u 

, * JC U 

*-> T3 

! g- 2 § 
: &* g •*= 
: c E 13 
! .1 £ S 

1 — W > 

I o JC «j 


2 c Jc 
u o w 
^ u - 


^ 1 E 


g£.s gf § ; 

5 «-* o 3 5 

2 -o 2f> B S 8 * 

= ^ © x 8 s- v 

S2 S i8| 

p O. c "3 II u 
O ^ be 

« II U rt „( [ 

° s 2 M 

s » ~ -g « 

5 S ° 2 j c 

i° i! gj. 

£ t- o 1 3 ^ 

w CJ Co Pi 

— "O ^ V ^ OJ ’ 

~0 c e JC < in 

8'=» W -S“ 

» -s -g •& s -a ■ 

, ° | § s s 

:§>£ §-i= * u 

■“ 2 s- g| 

S2ll| v 

JiS u 2S o 


BjO 2 

u <= 


.SPU fe 


u m r- 

U Uf 
^ -5 H 
o 5 ^ 

3 CJ 

aj C -Q 
-> W C 

0 ^ £ 

> *S 6 

g ^ fc 

j:: w ^ 

1 

g.'2'S 

i 3 4> 03 

! jfl w 

s. 

: w ^ 3* 

I bO . 3 

c 

» 3 00 O 

I g.E:.g 


td v V 
<u JZ _c 
w w u 

2 b0 H 

9 - c ^ 
£ O ^ 
^ X 


— !t: bb’ 

. ««£, 
bO as 
c3 V O 

*~> in 

* v X ’ 

bC JZ 

C *-* <4- . 

if © 0 • 

■9 j 6. 

. 2 ^ c 

u y w 
2 | 2 
1/5 O o 
u ■ 

rt -g « 

0 3 

2 — efl 
*_. £ ■ 

44 c 42 
o o X 


, A ; nl w 

2 «« ^ 
rt - 0 


g* - c 


o S 

^ s jg 

"So 4J 


6 U 
3 

2 ^ u 
O jj « 

U "w w 

4- J= 

rt OH 
^ 2 g 

E « ^ 
I E 0 
o " o 

J2 O .i 

w w 

. -a 

. bfi-3 C 
c O ci 

O a3 e 
<•3 = 


v *3 2 
c > 1,1 

2 ^ t- A 

.y >>-o « 

>- w e — 
’t- jc .= o 

3 w ° ^ 
s a "S E 
^ 2 E o 


- ^ .2 
t 5 E 

ri -*-; -3 


v-» aj <u v 

S-J E 11 

E o SP 


S -o > 

4> > 

E § .S w- 

5P £ .5® 2 

2 i- v- 2 . 

C O. O C . 


to 


50 

V 

4 m 

4 m 4 m 

to s O 

c 


4 m 

• *™ 

2 

JC 

O 

O O 

^ •== -G 


JC 

O 

JC 

to 


£ 

4 -* 

to 

Cl to 

U 4 M 

O >S 

T 3 

H 

>, 

pi 

J 2 

pi 

3 

3 

0 

4 -, 

O 

*-> 

to 

‘!o 

O 

w U 

v 2 

C 2 c 3 
• O ° 

3 

ei 

to 

3 

nj 

3 

JC 

pi 

3 

pi 

’*-» 

n 

to 

£ 

O 

3 

C 

U 

JC * 

Um v *“ i 

^ O 

00 — to 
» « ^ 

/44^ 

w 

Im 

3 

E 


i c -s » 
§ 5 

— jC v 


3 qj -C 

«u *C H 


E 3 o 

: rt C 

2^2 
<-• "£ w 

i s/5.3 w 
. ci 

: -5 -n *3 

! ^vS -S 


4J '3 

E c 


^g»S 


u u <j u i1 U 
4J U rt x c £ 
a. boj= w g w 

3 .2 .2 O ^ O 

'o c -5 "? 3 "5 

in in -n -3 C 2 

= •“ u J2 t 

S !•£"•£>' 

u k •c'j i; 

_3 *-> -3 3 ^ 

u 1/1 3 rt _, (« 

w rt T3 <u 
u - u > 

s* rl ?4 


CJ 

OJ 

i/ 

1 — 

CTJ 

4m 

O 

to 

CJ 

3 

but 

g 

*-1 

C 

X) 

CJ 

be 

nor 

.2 1 
;§- 

4m 

O 

to 

Pi 

to 

ci 

JC 

O 

JC 

CJ 

3 

3 

M 

3 

O 

‘3 

O 

>n 

b 

L 

pi 

CJ 

>s 

3 

E 

0 

The 

pi 

to 

.2 

c 

CJ 

X 

*-> 

3 

’E- 

E 

CJ 

3 

ci 

O 

"pi 

> 

CJ 

CJ 

to 

4m 

O 

CJ 

to 

c 

JC 


4m 

O 

O 

u 

4M 

<L> 

X5 

X 

*-> 

h 

CJ 

T3 

3~ 




3 

V 



<u 

pi 

C 


3 

ei 

£ 

ci 

be 

C 

E 

ei 

CJ 

i- 

d. 

pj 

JC 

3 

pi 

E 

pi 

*-> 

pi 

3 

cr 

CJ 

to 

O 

CJ 

pi 

3 

O 

>> 

3 

-a 

Im 

CJ 

JC 

Q. 

j- 

CJ 

CL 

3 

pi 

to 

CJ 

C 

O 

*-> 

3 

CJ 

5 

3 

U 

4M 

C/5 

CJ 


73 

pi 

CJ 

l-< 

pi 

CJ 

O 

CL 

3 

JC 

E 


r* —Z ^ 

•S 73 *2 
2 ^ 
o o .£ 
W * 


V 4-1 

I °2' 

£ $ s 

nC^- 


^ -3 

..2o 
~ v 
2 ^ 

2 -S "o 

| & £ 

I w O 

>, 3 

q,j t^n Pi 
S 3 u 
cJ O <u 
> J= 


■s“ c 

« rt 3 

^ -O — 
4 . U o 
O 3 > 


2 2 -c 

-3 J3 w 

. (A 

200 

2 c 

3 3 _. 


o 

pi w § 

kIJ 

ri 'Z3 ^ 


C ■&« 

3 g 3 

O £ o 

•2 3 >N 

^ w 3 

u <4-4 pi 

: O ^ o 
; JC 3 2 

, SL c o 

o o 

1 -o <U JC 
N CS - 0 ^ 

N 44 

i o 2 o 

' c .E u 
! o “ S 

; ^ « 1 1 
3 rt u 
ci J3 jC 
!Ow 

1% % 2 
> *" c £ 

^T3 
: a> «j 
i — -3 h 

) C h tn 


w* 2 

tf-S -3 

. « j3 -S 

o > — • 

w Pi Pi 

— 3 

•3 ei O 

2 5^ 

.E fe “ 
sc y 

V -3 O 

W)-o -c 
2^3 

- to O JC 


s u 

-3 W4 *-• 

^ n to 

O 

Hi 

Zj ri Pi 




8 





Contour interval IOOO ♦eot 



Figure 190. Pil crater (foreground) and spatter cone on the north slope 
of Hualalai volcano. A collapsed lava tube extends to the left between 
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Fig. 7-4. Oblique aerial view of Puu Laimana, one of the tephra cones formed * Fig. 7-6. Meter-scale secondary impact craters formed by volcanic ejecta during 
during the 1960 eruptions at Kapoho, showing extensive slumping of the the 1960 eruptions at Kapoho (Hartmann, 1967). C Photograph by L. 

fragmental deposits making up the cone. ( U.S . Air Force photograph, Nichols, 1965, contributed by William Hartmann, Planetary Science Insti- 

1966; contributed by the Hawaiian Volcano Observatory.) tute Associates, Tuscon, Arizona.) 
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Fig. 7-8. Vertical aerial photograph of Napau Crater on the east rift zone of 
Kilauea. The crater has been transected by faults and fissures of the rift 
zone. Since the photograph was taken, the area has been modified by 
subsequent lava flows. ( U.S. Dept, of Agriculture photograph, 
EKL-12CC-143, 1965.) 
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Fig. 7-27. Halemaumau pit crater on the floor of Kilauea Caldera on Novem- 
ber 15, 1967, during an eruption. U.S. Geological Survey-Hawaiian Vol- 
cano Observatory is on caldera rim, upper right. {Hawaii Institute of 
Geophysics photograph by Agatin T. Abbott.) ; 
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Fig. 7-68. Vertical photograph of part of the southeast rift zone of Hualalai Fig. 7-70. View east-northeast toward Mauna Kea across the southeast rift zone 

showing the morphology of several pyroclastic cones. “A” and “B” may of Hualalai. (U.S. Navy photograph , 1954.) 

represent chains of vents that erupted simultaneously (east is to the left). 

(U.S. Dept, of Agriculture photograph, EKL-5CC-99, 1965.) 
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the left and the right. Below the Pohakuloa loop the prominent gorge of 
Pohakuloa stream was excavated primarily by melt water from the lobe of 
the glacier {from Macdonald and Abbott, 1970 ; Hawaii Institute of Geo- 
physics photograph by Agatin T. Abbott). 
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. View across the erosional summit crater of Haleakala and cinder cones 
i the crater floor. {Hawaii Institute of Geophysics photograph by Agatin 
Abbott.) 
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- Fig. 7-90. View southwestward across Kalaupapa peninsula, a small shield vol- 
cano built of Quaternary olivine basalts, mostly pahoehoe. A collapsed lava 
tube extends northward from the summit vent, Kauhako Crater. {Hawaii 
Institute of Geophysics photograph by Agatin T. Abbott.) 
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ROAD GUIDE TO GEOLOGICAL POINTS OF INTEREST ON THE ISLAND OF HAWAII 

Reprinted from Steams, H. T. and Macdonald, G. A., 1946. Geology and ground water 
resources of the island of Hawaii. Hawaii Div. Hydrography Bull. 9, Plate 1. 
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numbers refer to points described. Historic 
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Fig. 8-8. Oblique aerial view of one of the 1950 flow from Mauna Loa. ( Photo- 
graph by the Hawaii Air National Guard , contributed by the Hawaiian 
Volcano Observatory.) 
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31. Ookala. A Maui-type well yields water from the basal zone of 
saturation. About 1.6 km southeast of Ookala is a small viscous dome 
of andesite, the lowest vent in the Laupahoehoe lavas. From it a thick 
flow of andesite advanced northeastward about 800 m. 
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49. Hale Pohaku. A side road leads to Hale Pohaku at an altitude pjg 8 - 14 . Pahoehoe lava of the 1935 flow, Humuula Saddle area. View north- 

of 9,350 ft on the southern slope of Mauna Kea where there are cabins ^ ward with Mauna Kea in the background. ( Photogragh by Dale Cruikshank, 
for mountain climbers. The nights are cold and snow is common: University of Hawaii.) 

hence, warm clothing should be carried. From Hale Pohaku a 10-km 
jeep trail leads to the summit of Mauna Kea. This section is scheduled 
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the spectacular Honokane Nui Canyon, in the head of which is a tunnel 
developing large quantities of ground water from a dike swarm 600 m 
above sea level. 
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• Fig. 9-4. Phreatic eruption at Halemaumau, 24 May 1924. ( Photograph by Tai 
Sing Loo.) 
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x Tig. 9-7. Panoramic view westward across Kilauea Iki Crater, through a breach in 
the crater wall toward Kilauea Caldera. Note the slump scarp around the 
margin of the 1959 lava lake, showing subsidence of the lake surface. 
C Photograph by Dale Cruikshank, University of Hawaii.) 
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ently derived from the same magma reservoir that feeds the Mauna Ulu The walk to the summit of Mauna Ulu is about 2 km long; the 

vent, 2.5 km to the east, as both eruptions at Pauahiwere preceded by first part is on the public trail, mostly over pahoehoe erupted in 

a sudden draining of Mauna Ulu’s summit lake. Each eruption began at November 1973, and the last part is cross-country up Mauna Ulu s an 

Pauahi Crater approximately 4 hours after strong harmonic tremor and on lava as little as 3 weeks old at this writing. Intricate structura pat- 

precipitous deflation of Kilauea’s summit region accompanied the terns may be noted on the surface of pahoehoe. These complicated 
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Fig. 9-9. Lava tree molds formed from the November 1973 eruption, near Pauahi 
Crater. (Photograph by Ronald Greeley, University of Santa Clara, Novem- 
ber 1973.) 
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Throughout late 1970 and early 1971, a lava lake continuously 60 km north of Kilauea and having no connection with the magma 

occupied the Mauna Ulu summit crater, and collapse of the walls gradu- supplying Mauna Ulu, may well have caused the subsequent drastic 

ally enlarged the crater. Collapse extended to the vents along the east- changes in volcanic behavior along the east rift zone. In the early morn- 

flank, and a series of small pit craters formed that ultimately coalesced ing of 5 May, strong harmonic tremor and rapid deflation of Kilauea’s 

into a long trench down the east flank. In April 1971 the summit crater summit accompanied the complete drainage of the lava lake at Mauna 
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10. MAUNA IKI AND THE KATJ DESERT: KILAUEA VOLCANO, HAWAn 
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(2.9 km) that runs roughly southwest-northeast The Mauna Iki Trail 
continues east across the Ka‘u Desert past Puu Koae, the Pit Craters 
(9.2 km, Fig. 4), and Cone Crater on to the Hilina Pali Road (13.9 km). 
The entire trail is a fascinating hike and is highly recommended. 
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A base surge is a “ring-shaped basal cloud that sweeps outward as 
a density flow from the base of a vertical explosion column” (Moore, 
1967). Base surges are recognized in shallow underground nuclear 
explosions as well as in violent volcanic eruptions (Moore, 1967). No 
fully developed base surges have been observed at Kilauea since the 
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11. KAUMANA LAVA TUBE THE 1880-1881 ERUPTION AND 1881 LAVA FLOW 
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that required operators both on the surface and in the lava tube spread of lava at the front of the flow. 

interior. They published their detailed survey as a plan-view map The central supply tunnel was probably 20 to 50 feet 

(Fig. 1 1-3). wide, with numerous smaller branch tunnels extending 

from the main tunnel. Often these supply tunnels became 
♦Mailing address: NASA-Ames Research Center, Moffett Field, Calif. 94035 blocked; then there would be a sudden outburst of lava, 
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Unlike many limestone caverns, lava tubes are relatively simple. 
They usually lack multiple, complex passages and getting lost is 
unlikely (leave the ball of string at home!). However, loose rocks make 
footing hazardous and holes in the floor of the tube occasionally are 
encountered that drop through to lower level lava tubes (see Station 3). 
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formation, molten lava drained from between the layered lava and At this station, the shelves merge to form a continuous platform, 

dripped onto the lining, observed here and throughout the lava tube. resulting in a double tube with an upper and lower level. Multiple tubes 

Notice the large lava block a few meters from the stairs. It is can form in several ways (Greeley, 1972b); this section of Kaumana 

“welded” to the floor and may have been rafted down the tube on the Lava Tube may represent erosion into older lavas, or previously cooled 

floor-flow. lavas of the 1881 flow. 
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Dutton, C. A., 1884. Hawaiian volcanoes: U.S. Geol. Survey, Fourth 
Annual Progress Report 1883. 

Greeley, R., 1971a. Geology and morphology of selected lava tubes in 
the vicinity of Bend, Oregon: State of Oregon, Dept, of Geology 
and Mineral Industries, Bull. 71, 47 p., 33 Figs., 3 pis. 
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Fig. 12-2. Stratigraphic section on upper slopes of Mauna Kea (V = volcanic units; 
G = glacial unit). 





Glacial 

Drift Alluvium 


. Geologic map for the area along the Hale Pohaka Road to the summit 
Mauna Kea. 1 





































o 3 
<N 3 

o 

3 •- 
o -o 

(V cd 
O 
0 £ 

C/0 3 
w 3 
*rt cd 

« cn 

O « 

* S 

0 > ^ 

3 cr 

3 X 
cd __ 

^ gs 

O 

o .g 

s 1 

3 E 
3 3 

•— > on 

x ^ 

'd d 
00 ^ 
cd 

3 3 

O 3 

x 5 


/- ^ 
X-, cd 


4> 

X 

’3 

3 

cd 


•3 *3 2 »3 

- H ^ - 


3 

3 

cd 

s 


o . ^ 


cd o 

<L> w 


3 c o 
— O Q> 
^ X 3 

2 o O 
^ w o 
O .3 ^ 
X 3 « 

JS 2 s 

3 - « 

is s 

w < 1 > 
cd" ^ 0 

> 
cd 

E 5 

o ^ — 
O -3 CL, 

•§ “ w 
O JJ _T 
•S •« -2 

2 *o 3 
3« cd .3 

n “ 3 

o 3 
cd 2 

3 £ 
3 

cd 

s •§ 

„ cd 3 

| 

a S £ 
8S«S 


o 

3 

S 

x 

3 

o 

w- 

o 

o 

V 

iL 


DJQ 

3 

•B 

3 

3 


3 

X) 

X 

V 

"5, 

E 

o 

o 

0 > 

g 

’cd 

U 

o 

E 

V 

X 


cd 

cd 

3 

3 

cd 

s 

a> 

3 

O 

N 

<X 

*3 

x 

3 

o 


6 E 

s ^ 

JD t *“ l 

0L *3 
. <u 
>* >*-* 
x cx 

3 5 

. 5 ° 

/— n *3 cd 
cd w w- 
M *3 X 

cd 3 a. 

s S 2 

,2 ed O 
^ C co 
2 1 « 

*3 § 6/5 

3 c 
cd 3 3 

>* £ 2 


<u 


T3 cd 
g 3 
* O 

3'i 

■S a 

O 3 

Wm <u 

- « 
3 ^ 

^ « 
0 > 

CUD 3 
cd cd 
o 

3 2 
a> r- 

o ^ 
x a> 

O ~ 

X g 

•g 8 
2 O 

s£ 

V 

o Cd 

p *2 


8 £ 


3 o 
•73 "E -3 

j* x 8. 

^3 g* 

V *- CO 

<D « > 

. 8*0 
O .2 53 
j* « cd 


>* 2 

o 3 


cd o 

£ 5 

« 3 

■*-* Wh 

. cd 
8 £ 
*3 O 

O « 

3 3 

<D <U 

i § 

> o 
a> 

W- -o 
3 3 

O 


•S 


3 

.2 o 
£ 2 
5 ~ 

3 cd 


O 

13 


3 

cd 

M 


S2 3 

2 E 

C 3 

0 = 

jd cd 

<u 

3 

° co 

C/3 « 

§ l 

1 | 
| =3 

•5 x 
o ^ 


r* a* 

S 2 

x 

w a) 

^ s 

1 8 


3 

3 

*0 


•i = 


X 

<L> 

a. 

E 
o 
o 

<D cd 
o 


le 

X . 

w' cd 

o •§ 

•s § 

.2 

*3 k« 


cd 3 


•f " 

* c 

i > 
^ § 
P o 


fS 

O 


~ a> 
u- X 

si 

r- 3 
w o 
cd X 

£ 8 
ij 

.E 3 * 

ed 

*3 Ui 

O .2P 

CO w 

— 03 
cd m 

3 V5 

| 13 

3 

= & 


<u 

3 




a> 

X 

•*-» 

3 

O 

co 

X 

3 

o 


‘ >. 
CJ 


o 

o 

wo 

^t 


3 s 


3> 


3 

.2 3 

cd 

o m 
8 3 
4> X 

>t ^ 

x' o 


3 y t; 
8 ^ g 

r in O 

o « “ 
<u — 1 5 

S . s " 

3 r* co 

° X « 

r* a, X 3 
o 3 <i> 

0 — ; 3 > 

d> 3 

4 5 « | 

1 •» ^ J 

^ co rv ^ 


co 


a> 

g> £ 
2 ^ 

> « 
cd O 


° 3 

8 § 

O C/3 

£ 13 

e: 

a> 

X .c 
8 g 

00 ^ 
3 00 
o 3 
•c 


x -3 

w 

"S 

E 3 

W- l-N 

£ g 
>> ° 
Si, J5 

00 CJ 

S 2 
• » 


cd o ed 
O U O 

13 to 13 

x 3 £ 


E 

o 


C/3 p [ 

^13 
O O > 
“ ^ ' 


8 o 

& 3 

<U 

* E 

O) ^ 
8 ^ 
= E 

SO 


a> 

3 


.8 >, 

5 -2 
x .g 

^ & 

X x 
X <D 

- £ 

>» 0 

3 X 

S> g 
^ 2 « 
- -g.S 

o 2 


3 

3 

X 

« 

a 

E 

o 

o 

o 


2 2 
,»- en 


3 (N 
CUD — . 

8 x 
*5 e 

cd 

W-H 

o sq 

=3 2 


= 3 c “ 


CO 
O 

« 8 

^03 

3^0, 
w w 2 

3 3 *> 
X o X 
, Id 

cd C CX 

X 3 E 
aj? ° 
<u O o 

£ 
O 


2 ^ 

X x> 


O w U 


I o 

3 «« 

x .2 

0) to 

X X 


cd 

. > 

>* 


cd 


13 

o o 

a a 

cd 3 
X 

u 


cd 3 
X O 
o co 

" 8 
,cd 


^ o 

O r- 
co 

I s 

2,1 

~ (X 
3 E 

§ s 


CL, co 


3 0 > 

w 13 
& X 

CUD 

3 o> 

O -5 


c£ 


3 
cd 

« £ 
13 3 
X X 


<s 

s 


and related vents. 



TABLE 12-1. PRINCIPAL TEPHRA LAYERS AND BURIED SOILS 
OF THE LOWER SOUTH RIFT ZONE AT MAUNA KEA 
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Data from W. E. Scott (1971, written commun.). 
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bombs. Angular mafic blocks form the cores of many bombs, with the two oldest ice caps of Mauna Kea (Waihu and Pohakuloa) extended 

dunite and gabbro being among the most common inclusions seen. The below 10,900 ft, drifts of these ages are not seen in the walls of the pit 

series of cones and flows west of Hale Pohaku appears to lie strati- crater; presumably they lie at greater depth. All exposed flows postdate 

graphically below drift of the last glaciation (late Makanaka) but above the Waihu glaciation and probably the early Makanaka glaciation as 

that of the next older glaciation (early Makanaka). well. 
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of basaltic lava from vents along the rift zone has resulted in the build- Honuaula, 38.9 km east-northeast of Kilauea caldera. It was preceded 

ing of a broad constructional arch, with its crest at the rift zone. for several months by earthquakes, which gradually increased in num- 

The south side of the rift-zone arch has been steepened by fault- her to several hundred a day just before the outbreak. Lava activity at 

ing. Although the scarps have been almost wholly buried by later lava the initial vents continued for only 28 hours and on March 1 was 

flows, their topographic expression remains clear (Stearns and replaced by mild phreatic explosions and clouds of steam. 
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Fig. 13-3. Lava flows and spatter cones on the east rift 
zone of Kilauea Volcano, east Puna District. 
(Hawaii Institute of Geophysics photograph by 
Agatin T. Abbott.) 
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30.0 Beginning of new highway. Ahead to the right, the steep 

escarpment is a series of fault scarps mantled with later 
lava flows from the Kilauea rift zone above. 
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39.9 Petroglyphs parking area. A quarter of a mile ahead the 

road was cut by lava flows in 1972 (Fig. 13-7). On the 
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